Energy-dependent accumulation of daunorubicin into subcellular compartments of human leukemia cells and cytoplasts.
Anthracycline accumulation was evaluated by flow cytometry or radiolabeled drug assays in cells and cytoplasts (enucleated cells) prepared from parental and multidrug-resistant human K562 leukemia cells. Treatment with energy inhibitors, such as dinitrophenol (DNP) or sodium azide/deoxyglucose, led to a marked decrease in daunorubicin accumulation in parental cells and cytoplasts. Another ionophore, monensin, also caused a significant decrease in daunorubicin accumulation; however, ATPase inhibitors ouabain, vanadate, and N-ethylamaleimide had little or no effect. The lysosomatropic agents chloroquine and methylamine caused a moderate decrease in anthracycline accumulation. Fluorescence microscopy showed that the DNP-sensitive daunorubicin uptake occurred in a nonnuclear subcellular compartment. Studies using increasing daunorubicin concentrations demonstrated fluorescence quenching that occurred in the nonnuclear, DNP-sensitive compartment. The effect of inhibitors on the accumulation of rhodamine 123 and acridine orange strongly implicated lysosomes as the principal compartment of this inhibitable daunorubicin accumulation. Cytoplasts from P-glycoprotein containing multidrug-resistant K562 cells demonstrated a verapamil-reversible, decreased daunorubicin accumulation that was observed in resistant whole cells. Verapamil pretreatment of cytoplasts from resistant cells revealed the subcellular DNP-sensitive uptake present in parental cytoplasts. These studies demonstrate that cytoplasts are an effective means to study drug transport in mammalian cells without nuclear drug binding. Parental K562 cells and cytoplasts exhibit an energy-dependent accumulation of daunorubicin into cytoplasmic organelles that is also present in resistant cells and cytoplasts when P-glycoprotein mediated efflux is inhibited.